It is not easy to verify the reliability of data on intracellular ion concentrations obtained 70 in a single cell using ion-sensitive dyes by some methods because most of them require a large 71 number of cells, and it is always questionable how uniform the cell population is in the sample. 72 X-ray elemental analysis allows the determination of ion content in single cells with high spatial 73 resolution, but it is very laborious and not applicable to monitoring changes in intracellular ion 74 content in living cells. We aimed to compare data on cellular Na + in human U937 lymphoma 75 cells obtained by a known flame emission assay and by flow cytometry using the Na + -sensitive 76 probe Asante Natrium Green-2 (ANG), which is currently the most sensitive and popular Na 
Materials and methods

96
Cell culture and treatment 97
The human histiocytic lymphoma cell line U937 was obtained from the Russian Cell Culture 98 Collection (Institute of Cytology, Russian Academy of Sciences, cat. number 220B1). Cells 99 were cultured in RPMI 1640 medium (Biolot, Russia) supplemented with 10% fetal bovine 100 serum (HyClone Standard, USA) at 37 o C and 5 % CO 2 . Cells were grown to a density of 101 1 x 10 6 cells per mL and treated with 10 µM ouabain (Sigma-Aldrich) or with 1 µM STS 102 (Sigma-Aldrich) for the indicated time. Gramicidin (from Bacillus aneurinolyticus) and 103 amphotericin B (AmB) were from Sigma-Aldrich and were prepared as stock solutions in 104 DMSO at 1 mM and 3 mM, respectively. Na Cell loading was tested at several concentrations of ANG (Fig. 3A) . The concentration 198 of 0.5 µM was chosen as sufficient because ANG fluorescence of the P1 subset significantly 199 overlaps the background cell autofluorescence (Fig. 1D, 3D ). The protocol recommended by the 200 manufacturer calls for loading of ANG for 30 min followed by a wash step and additional 201 incubation to allow complete deesterification of the dye. This procedure has often been used to 202 prepare cells for microscopic observation, but we found that washing of cells to remove the 203 external ANG had no significant impact on the ANG signal measured on a flow cytometer (Fig.  204   3C) . Although the presence of serum in the loading medium decreased the cell fluorescence, the 205 signal remained sufficiently strong (Fig. 3C, 3D) , and we preferred to keep the serum. Thus, a 206 30-min incubation with 0.5 µM ANG in normal media with serum without a subsequent wash 207 step was used in all experiments. Importantly, this staining procedure did not affect the 208 FSC/SSC histogram, which is known to be a sensitive indicator of cell health (Fig. 1E) . Fig. 4A and B) . The cell volume measured by a 236
Scepter cell counter practically did not change in cells treated with ouabain or gramicidin for 237 the indicated time (Fig. 5) . The FSC histograms do not change in these cases as well ( Flow cytometry showed an excellent agreement in the changes in fluorescence and in 270 the cellular Na + increase due to stopping the pump with ouabain and STS-induced apoptosis 271 (Fig. 6A and B) . Gram and AmB added to U937 cells increased the intracellular Na + to a greater 272 extent than did ouabain for 3h, as obtained by flame emission assay. However, the increase in 273 ANG fluorescence was much smaller for AmB and Gram than for ouabain (Fig. 6A) . The 274 discrepancy between the fluorescence of ANG and the Na + concentration by flame emission 275 assay in the presence of ionophores is especially striking when comparing the data on the same 276 graph (Fig. 6C) . It should be noted that all compared flow cytometry data were obtained with 277 the same instrumental settings and were well reproduced. We conclude that ANG fluorescence 278 does not display a realistic cellular Na 
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Gramicidin does not influence ANG fluorescence in vitro. We tested the effect of Gram on 299 hydrolyzed ANG. ANG fluorescence was measured using a Terasaki multiwell plate and a 300 fluorescent microscope, as described in the Methods section. The ANG-AM used for probing 301 intracellular Na + is practically nonfluorescent in vitro (Fig. 7) . It is believed that after 302 penetrating the cell membrane, ANG-AM is hydrolyzed by non-specific esterases. Indeed, after 303 hydrolysis of ANG-AM in vitro by a known protocol [4], ANG strongly responds to Na + but 304 responds relatively weakly to K + , supporting the view that the same can occur in cells (Fig. 7) . 305
The most important finding with regard to our problem was the lack of any quenching effect of 306 were found earlier for other ion-specific probes, e.g., for SBFI In view of the gramicidin effect on ANG fluorescence observed in our experiments, the 358 calibration process without ionophores is interesting. Rose (pK and pNa in the calculation, respectively) by approximately 10 and 50 times was choosed, 384 imitating the gramicidin effect. The K + level in the cell decreased but remained higher than the 385 extracellular level, while Na + increased to a level slightly higher than the extracellular level 386 (Fig. 9) . The calculation showed that the chloride permeability of the cell membrane is the most 387 important determinant of the rate of the monovalent ion redistribution after blocking the Na/K 388 pump or after an increase in Na + and K + permeabilities due to ionophores. For this reason, a 389 long time is required for the "standard" cell, such as U937, to swell after treatment with ouabain 390 or Gram, and much less time is required after treatment with amphotericin, which increases not 391 only Na + and K + but also Cl -permeability of the cell membrane. The problem of equalizing intra-and extracellular Na + concentrations by ionophores is 404 discussed by Boron and colleagues, who were among the few who performed flame emission 405 analysis in parallel with the determination of intracellular Na + in HeLa cells using an SBFI 406 probe with various ionophores and microscopy cell imaging [3] . They found that "no two of the 407 three ionophores (gramicidin, nigericin, monensin) were adequate to totally permeabilize the 408 cells to Na" and "the combination … does in fact equalize". With respect to these results, we 409 should note that emission analysis of the monolayer of HeLa cells is highly dependent on the 410 estimation of the amount of extracellular sodium in the sample, and using inulin does not 411 guarantee the real situation of intracellular sodium. 
